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Abstract:

The emergence of antibiotic resistance is a global health crisis, thus the search for novel
antimicrobial compounds has become a continuous necessity. Underexplored and extreme
environments, such as cave ecosystems, have been identified as a promising potential
source for the discovery of novel microorganisms with novel antimicrobial compounds
(AMC). This study presents the first cave microbiological investigation in Sri Lanka, with a
special preference for bioprospecting of novel AMC. The cave sediment characterization
demonstrated the presence of close to strong acidic conditions (pH 3.1 – 3.3) and thus
indicates the possibility of isolating acidophilic microorganisms. Eight cave wall/ceiling fungal
strains were isolated from Sthreepura Cave - Kuruwita and identified using both morphological
and ribosomal Internal Transcribed Spacer (ITS) region sequence analysis. Interestingly, four
fungal isolates (Penicillium panissanguineum, P. cremeogriseum, Aspergillus bertholletius
and Trichoderma yunnanense) were found to be the first records in Sri Lanka. Of these eight
isolates, three showed antimicrobial activity (AMAs) against at least one of the five tested
human pathogens in preliminary screening, while A. fumigatus (SKW 404) strain showed the
highest AMA against Staphylococcus aureus (ATCC 11778) assessed by agar culture plug
method on Muller Hinton Agar (MHA). Crude Ethyl Acetate (EtOAc) fraction of both mycelial
and Potato Dextrose Broth (PDB) extracts of A. fumigatus demonstrated similar bioactive
metabolic profiles with four corresponding chemical fractions [Rf = 0.47, 0.56, 0.65, 0.82;
EtOAc: Hexane (4:1, v/v)] in TLC: agar overlay bioassay. The present study indicates that there
is potential for discovering novel Sri Lankan deep cave microorganisms and bioprospecting
of their novel bioactive compounds. Hence, further island-wide in-depth cave microbiological
investigations are required for a better understanding of the Sri Lankan cave microbiology.
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INTRODUCTION
Sri Lanka is a tropical island in the Indian Ocean
with very high biodiversity and a diverse array of
geological characteristics compared to its size. This
includes a high density of caves with an astounding
diversity of morphology and its genesis. Until recently,
most of the studies conducted on caves were based
on archaeological and faunal investigations and a
few were based on geological aspects (Jayasingha
et al., 2010; Weliange et al., 2010; Osborne et al.,
2013; Sumanarathna et al., 2016; Jayasingha et
*helani@sci.sjp.ac.lk

al., 2018). Surprisingly, the presence of some visible
microbial colonies and microbiological formations
within these cave ecosystems are reported in a few
publications as well (Weliange et al., 2010; Osborne
et al., 2013). However, there is no published evidence
on previous cave microbiological studies conducted
in Sri Lanka, focusing on isolation, identification and
bioprospecting of these unique cave microorganisms.
Antibiotics have become an essential utility in
medicine leading to an over-usage. The overuse
and misuse of antibiotics eventually have resulted
in antibiotic resistance in many human pathogenic
The author’s rights are protected under a Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) license.
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bacteria against a diverse array of clinically important
drugs leading to a global health crisis (Clatworthy
et al., 2007; Bennett, 2015). Although several other
alternatives have been suggested for antibiotics,
antibiotics are still unable to be replaced, given
their importance in critical surgical procedures
such as organ and prosthetic transplants involved
in immunosuppression conditions (Davies & Davies,
2010). Hence, novel antibiotics must be continuously
discovered as it has become a global necessity (Spizek
& Havlicek, 2015).
Microorganisms can be considered as the best source
for the discovery of natural antibiotics (Bérdy, 2015;
Patridge et al., 2016). During the last few decades,
microbiological investigation of both underexplored
or unexplored extreme environments, such as deep
oceanic environments, hot springs, deserts, polar
areas and cave ecosystems has become the focal point
of the scientific community (Spizek & Havlicek, 2015),
because these novel environments may reveal novel
microorganisms with the capability of novel antibiotic
production.
Caves are unique, underexplored, and extreme
habitats isolated from the surrounding environment
for thousands to millions of years which might
contain novel microbial strains (Cheeptham, 2013;
Gabriel & Northup, 2013). Notably, most of the novel
microorganisms discovered (using both culture and/
or molecular methods) in cave ecosystems were
‘rare actinomycetes’, which have a higher likelihood
of isolating novel antibiotics (Cheeptham & SáizJiménez, 2015). Moreover, oligotrophic conditions
in many caves have been shown to result in higher
antimicrobial activities due to increased competition
between different microbial taxa for limited resources
(Montano & Henderson, 2013). For example, Hamedi
et al. (2019) have reported around 25% of cave
isolates to have at least one type of antimicrobial
activity. However, the number of investigations on
these microorganisms in search of novel antibiotics
is relatively low, limiting to a few antimicrobial
compounds.
Among
these,
Cervimycin
A-D
complex was isolated from an Italian cave-dwelling
Streptomyces species which is considered to be one of
the most promising discoveries, due to its antimicrobial
activities against Methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin-resistant Enterococcus
species, Gram-negative bacteria and fungi (Herold et
al., 2005). However, isolation of cave microorganisms
in search of antimicrobial compounds is a challenging
process (Cheeptham, 2013). Caving requires preplanning and preparedness and extreme endurance
along with a proper team equipped with special
safety equipment, since the sampling processes are
carried out in dark and risky environment (Moser
et al., 2003; Weliange et al., 2010; Cheeptham,
2013). Moreover, the selection of proper media and
incubation conditions are critical factors, since it has
been estimated that only 1% of cave microorganisms
are cultivable (Amann et al, 1995; Cheeptham, 2013).
The current research was conducted with the
primary objective of initiating microbiological studies
on Sri Lankan Caves. For this, among all the known

caves in Sri Lanka, Sthreepura Cave - Kuruwita was
chosen, since it is a well-studied cave with adequate
speleological background information, making it
the most promising candidate for this initial cave
microbiological study (Weliange et al., 2010; Osborne
et al., 2013). In this study, the main objectives
were to isolate and identify some cave-dwelling
microorganisms in Sthreepura Cave – Kuruwita, Sri
Lanka and to screen and evaluate their potential
antimicrobial activities.

MATERIALS AND METHODS
Cave description
Sthreepura Cave - Kuruwita (06°49’ 54.6’’ N and
08°22’ 27.8’’ E) is an underground cave located
in Rathnapura district, Sri Lanka. The entrance
is situated at an elevation of 322 m mean sea level
and about 75 m east of a famous archaeological site
known as Batathota Lena (Cave) (Weliange et al., 2010;
Osborne et al., 2013). However, it experiences a very
low visitor pressure as it is situated in a cliff base with
an unmarked trail to the cave surrounding a highly
dense tropical wet zone rainforest which makes it very
difficult to reach.
The length of the Sthreepura cave - Kuruwita is
approximately 80 m to its northern end and extends
perpendicular to the cliff line. It consists of eight main
compartments: ‘Welcome Chamber’ (WC), ‘Connecting
Passage’ (CP), ‘Guano chamber’ (GC), ‘Passage of
bats’ (PB), a connecting rift and three small tubes as
described by Weliange et al. (2010; Fig. 1).
The Sthreepura Cave - Kuruwita is located in a
Proterozoic metamorphic silicate rock terrain of the
highland complex. Based on the morphology and its
genesis, Sthreepura Cave - Kuruwita has categorized
as one of the two block breakdown caves in Sri Lanka
(Jayasingha et al., 2010.; Osborne et al., 2013). Most
of the cave (including the wall, ceiling and fallen
blocks) is formed in gneiss while dolomite is exposed
in only a limited area at the northwest corner of the
GC. The cave is mainly inhabited by microbats and
few other species of arthropods (Weliange et al., 2010).
Sample collection
Cave sediments and wall/ceiling samples were
collected from Sthreepura Cave – Kuruwita on 28th
July 2019 (between 11:30 and 14:30) under a special
sample collection permit (D.Arch/HO/Pro/Permit III)
issued by the Department of Archeology, Sri Lanka.
Samples were collected from three sediment sampling
locations and four cave wall/ceiling microbial sampling
locations. Considering the limitation of resources and
difficulties of sampling only the first two compartments
(WC, CP) were sampled. Onsite culturing was
performed with the use of selective isolation media,
Starch Casein Nitrate Agar (SCNA; composition: Bacto
Agar/ Agar: 15.0 g, Sodium propionate; 4.0 g, Casein;
2.0 g, K2HPO4: 0.5 g, L-Asparagine: 0.1 g, MgSO4·7H2O:
0.1 g, FeSO4·7H2O: 0.001 g, Glycerol: 5.0 mL, pH:
7.1±0.1) and Actinomycetes Isolation Agar (AIA;
composition: Bacto Agar: 18.0 g, Soluble starch: 10.0
g, K2HPO4: 2.0 g, KNO3: 2.0 g, NaCl: 2.0 g, Casein: 0.3
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Fig 1. Plan and the sections of the Sthreepura Cave - Kuruwita annotated with cave sediment and cave wall/ceiling sampling locations. Samples
were collected only within the zone one (Welcome Chamber [A] and Connecting Passage [B]). Map modified after LICAS (Dandeniya et al., 2009).

g, CaCO3: 0.02 g, MgSO4·7H2O: 0.05 g, FeSO4·7H2O:
0.01 g, pH 8.1 ± 0.2) supplemented with Nalidixic acid
(20 µg/mL). Samples of the visible microbial colonies
on the cave walls and cave ceilings were collected and
inoculated using sterile cotton swabs (Yücel & Yamaç,
2010; Montano & Henderson, 2013). All cave sediment
samples were collected aseptically as the methods
recommended by Moser et al. (2003) and Fisher et
al. (2015). Accordingly, the cave sediment samples
were collected from the depth of 2.0 - 5.0 cm from the
upper sediment layer and they were placed in sterile
50 mL Falcon tubes and then further stored in small
zip-top bags. Both cave sediment samples and onsite
culture plates were stored in a small shipping cooler
and transported to the laboratory within 15 h. The
samples were processed immediately or stored at 4°C
until further use. All the onsite cultured plates were
incubated for seven days at 25°C under dark conditions
to mimic its natural environmental parameters.
Measurement of cave sediment pH
and moisture content
Sediment samples were air-dried at room
temperature for 7 days and then ground and sieved
through a 2 mm mesh sieve. The resulting sediment
portions were saturated with distilled water and
the paste was allowed to equilibrate for 1 hour. The
readings were taken with the use of a glass electrode
pH meter (Reed & Cummings, 1945).
Cave sediment moisture content (CSMC) was
measured as described by Williams and Davies (1970).
Fresh cave sediment samples of known weights
were oven-dried at 105°C until constant weight. The

resulting weight losses were calculated and the CSMC
was expressed as an average of three replicates.
Selective isolation and enumeration of cave
sediment bacteria
Dilution plate technique was performed for the
isolation of actinobacteria from fresh cave sediment
samples (Cheeptham et al., 2013; Belyagoubi et al.,
2018). Within 24 h of the cave sampling process, one
gram of fresh sediment sample from each sample was
suspended in 9.0 mL of sterile 0.9% NaCl solution
(w/v), followed by successive serial dilutions up to
10-4. An aliquot of 100 μL of each suspension was
inoculated onto SCNA supplemented with Nalidixic
acid (20 μg/mL) and Nystatin (25 μg/mL) to inhibit
the growth of gram-negative bacteria and fungi,
respectively. All the plates were incubated for six
weeks at 25°C in dark conditions. The presence of
actinobacterial colonies was monitored on a weekly
basis during the incubation period.
Obtaining the pure cultures of cave wall/ceiling
dwelling microorganisms
Both bacterial and fungal isolates which were
obtained from the onsite cave wall and ceiling samples
were initially streaked to purify and subcultured
on SCNA and Potato Dextrose Agar (PDA; HiMedia
Laboratories, Mumbai, India) respectively. Further
purification of fungal isolates was achieved with a
modified hyphal tip transfer method as described by
Paul et al. (2014). Bacterial and fungal pure culture
stocks were maintained in SCNA and PDA slants at
4°C respectively.
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Identification of cave wall/ceiling fungal isolates
Eight fungal isolates were selected for further
identification based on their different colony
morphological
characteristics
and
respective
sampling locations. For the identification, 7-10 day
old pure cultures were obtained using a single spore
isolation method as described in Choi et al. (1999).
Initially, morphological characteristics of fungi were
examined to identify up to the genus level under a
light microscope (B-350 OPTIKA) using the slide
culture method (Cappuccino et al., 2017). Further
identification of the fungi was done with the use of
molecular methods. The extraction of fungal gDNA
was carried out according to the protocol described by
Arnold & Lutzoni (2007). The ITS-1 (5’ TCC GTA GGT
GAA CCT GCG G 3’) forward and ITS-4(5’ TCC TCC
GCT TAT TGA TAT GC 3’) reverse primer pair was used
for the Polymerase Chain Reaction (PCR) amplification
of ITS fungal barcode region (White et al., 1990). The
target sequences were amplified on a BIORAD T100TM
Thermal Cycler with initial denaturation of 3 minutes
at 95°C, followed by 30 cycles of 30 s at 94°C, 30 s at
52°C, 1 min at 72°C and with the final extension of 10
minutes at 72°C, in a 25 µL reaction mixture which
was prepared by adding 1 µL of extracted gDNA into
24 µL of GoTaq Colorless Master Mix as recommended
by the manufacturer. PCR products were verified by
gel electrophoresis and were commercially sequenced
by Macrogen, Inc. (Korea) in both directions. Sequence
contigs were assembled using BioEdit v7.2.5 (for
windows) and were identified using standard
nucleotide BLAST [National Center for Biotechnology
Information (NCBI)].
Agar cylinder method for the preliminary screening
of cave wall/ceiling fungal isolates
The potential antimicrobial activities of each
fungal isolate were assessed by the presence of
inhibition zones against five human pathogenic
microorganisms; Staphylococcus aureus (ATCC
11778), Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 25853), Candida albicans (ATCC
10231) and Candida parapsilosis (ATCC 22019) using
agar culture plug method as described by Belyagoubi
et al. (2018) and according to the guidelines given
by Clinical & Laboratory Standards Institute (CLSI,
2015). All microbial cultures were kindly provided by
the Department of Microbiology, Faculty of Medical
Sciences, University of Sri Jayewardenepura, Sri
Lanka (USJ).
In brief, bacterial and yeast suspensions with
the similar optical density of McFarland 0.5 were
prepared in sterile saline water using bacteria grown
for 24 h (S. aureus, E. coli, and P. aeruginosa) and
yeast cultures grown for 48h (C. albicans and C.
parapsilosis) at 37°C. Agar culture plugs (6 mm
in diameter) from the isolated cave wall/ceiling
fungal cultures grown on antibiotic-free PDA and
SCNA for 10 days at 25°C were placed on pathogen
seeded agar plates. Chloramphenicol (30 μg/disk)
and Gentamicin (10 ug/disk) were used as positive
controls against Gram-positive and Gram-negative
bacteria respectively. Ketoconazole (10 μg/disk) was

used as the positive control against both Candida
species. Prior to incubation at 37°C, the plates were
placed in a refrigerator (4°C) for 1 hour to allow the
diffusion of any antimicrobial compounds in the agar
cylinder. The zone of inhibition (ZOI) of each positive
culture was recorded after incubating 24 h and 48 h
for bacteria and Candida species, respectively.
Submerge fermentation and extraction
of antimicrobial compounds
Based on primary screening results, fungal isolate
SKW 404 was selected for the production of desired
antimicrobial compounds. The isolate was grown on
antibiotic-free PDA plates at 25°C for 10 days. Agar
disks of 0.6 mm2 from culture plates of SKW 404 were
inoculated into Erlenmeyer flasks containing 150 mL
of sterile Potato Dextrose Broth (PDB) and kept on
a rotary shaker at 150 rpm for 15 days under room
temperature (Cho et al., 2002; Trisuwan et al., 2009).
Following the incubation time, the PDB culture
broths were filtered using No. 1 Whatman filter
papers and the mycelia were separated. The resulting
culture filtrate fractions (50 mL) were extracted three
times with Ethyl Acetate (EtOAc, 1:1 v/v). All EtOAc
fractions were pooled and evaporated to dryness
under reduced pressure (Büchi rotary evaporator
Model R-124) at 38°C.
The separated mycelia were air-dried at 35°C
for three days in an oven drier until they result in
constant weight. Resulted mycelia were immersed in
EtOAc (1:1 w/v) for 20 minutes and then subjected to
ultrasonication with 45 kHz for 15 minutes at 37°C
using an ultrasonicate bath (GT SONIC L-3). During
the sonication process, the mixtures were placed in
an ice bath for a five-minute interval to prevent any
thermal damage. The homogenized mixtures were
gently shaken on a rotary shaker at 150 rpm for 30
minutes in room temperature and then centrifuged
at 6000 rpm for 15 minutes (Wang et al., 2013). The
obtained EtOAc filtrates were then evaporated to
dryness under reduced pressure.
The obtained dark brown gummy-like crude was redissolved in EtOAc to prepare a crude stock solution
(20 μg/mL) and was stored at 4°C for further use.
Kirby-Bauer (KB) disk diffusion assay
Both PDB culture broth (extracellular) and mycelial
(intracellular) EtOAc crude extracts isolated from
SKW404 were tested against S. aureus using
standard KB disk diffusion assay as described in
Hudzicki (2009) with necessary modifications. Sterile
paper disks (6 mm diameter) were impregnated with
20 µL of the SKW 404 crude extracts and allowed
to dry. They were placed on the surface of MHA
(HiMedia Laboratories, Mumbai, India) plates seeded
with S. aureus and the plates were incubated at
37°C for 24 h. Chloramphenicol disks (30 μg/disk)
were used as the positive control while the negative
control was EtOAc without any extracts. Antibacterial
activity was evaluated by measuring the diameter
of ZOI to the nearest millimetre. The results were
expressed as the mean of three values with Standard
Deviation (SD).
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Thermo-stability test
EtOAc crude fractions (both intracellular and
extracellular) were divided into three portions (100
µL per Eppendorf tube) and were exposed separately
to different temperatures (35, 55, and 75°C) for 15
minutes in a hot water bath (Barakat & Gohar, 2012).
The thermo-stability was determined by KB disk
diffusion assay as mentioned above against S. aureus.
Thin Layer Chromatography (TLC): Bioautography
TLC was performed following the guidelines given
by Gibbons (2012). TLC plates (precoated Kieselgel
60 F254) with the size of 2 cm x 6 cm were spotted
with 10 µL of EtOAc crude extracts of SKW 404
and developed under pre-saturated conditions with
the solvent system as EtOAc: Hexane, 4/1 (v/v).
Developed chromatograms were visualized under UV
illumination at 254 and 365 nm (A. KRÜSS Optronic
GmbH, UV- and analysis lamp UV240) and Iodine
vapour.
Agar overlay bioassay was performed on a developed
TLC chromatogram as it provides well-defined
inhibition zones and is less sensitive to contamination
(Marston, 2011; Balouiri et al., 2016). Obtained TLC
chromatograms were air-dried for 1 hour and then
surface-sterilized for 5 minutes under UV (254 nm).
For the preparation of a thin layer of agar on the TLC
chromatograms, 50 mL of diluted (0.66%) MHA was
prepared and maintained in a water bath at 40°C.
Subsequently, 3 mL of S. aureus bacterial suspension
(prepared to 0.5 McFarland turbidity standard) was
inoculated into the molten 0.66 MHA. The TLC plate
was carefully overlaid with S. aureus inoculated
molten 0.66 MHA and was allowed to solidify at room
temperature in a humid chamber, under aseptic
conditions. The resulting TLC plates were kept at 4°C for
30 minutes to allow the best diffusion of antimicrobial
compounds into agar medium and then incubated at
37°C for 24 h. Following the incubation time, the TLC
plates were flooded with a solution of Thiazolyl Blue
Tetrazolium Blue (MTT) (Sigma), 2 mg mL-1 (in sterile
distilled water) and were incubated for 1 hour at 37°C
for better visualization of the microbial inhibition
zones. Biologically active metabolites were identified
and their corresponding Rf values were calculated.

RESULTS AND DISCUSSION
Cave sediment characterization
Cave sediment characters such as pH and other
nutrient conditions are critical to the success of
isolating microorganisms from extreme environments.
However, the available data on the Sri Lankan cave
sediments is limited to a few geological aspects. Hence
cave sediment characterization was performed to identify
a few essential characteristics of Sthreepura Cave
sediments for further microbiological investigations.
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The colour of the sediment samples varied from
dark brown to light brown. The sediments in the WC
were completely made with humus derived from bat
guano with no or very less small mica fragments while
a relatively higher amount of mica fragments was
observed in the other two samples. These observations
are further confirmed by early reports of the cave by
Osborne et al. (2013). Furthermore, CSMC highly
varies depending on the sediment type and sampling
locations, while sediment samples obtained from WC
had the highest CSMC. The average pH values of the
sediment samples were in a range of pH 3.13 and pH
3.36 (Table 1), and the overall cave sediments had
near strong acidic conditions.
Acidic cave sediments were also reported in other
Asian caves including those in Israel, Malaysia and
Thailand (Shahack-Gross et al., 2004; Niyomvong
et al., 2012; Wurster et al., 2015). It has been found
that caves inhabited with insectivorous bats consist
of higher acidic sediments than other caves inhabited
with fruit bats. Furthermore, the acidity of sediments
seems to increase with depth (Shahack-Gross et al.,
2004; Wurster et al., 2015).
According to Wurster et al. (2015), the presence
of higher acidic conditions can be attributed to the
bacterial processing of bat guano and urea within
the cave ecosystem which causes the release of CO2,
NH3, sulfuric acid and formic acid as byproducts
while reducing pH along with organic carbon and
nitrogen levels (thus, low in nutrients levels) in the
lower sediments (Shahack-Gross et al., 2004; Wurster
et al., 2015).
Isolation of cave wall-dwelling microorganisms
Based on colony morphology, six bacterial isolates
and twelve fungal isolates from each sampling location
were obtained from onsite (wall/ceiling swab) culture
plates (Table 2). The highest number of different
isolates (eight) were obtained from the culture plate
swabbed with whitish microbial wall colony (sample
ID: SK-W 04) present at the south-east tube of the CP
(Fig. 2).
Isolation and enumeration of cave sediment
microorganisms
A total of twelve actinobacterial isolates were
obtained from non-treated fresh sediment samples.
The highest number (six) of isolates were obtained from
the sediment samples collected from South East tube
of CP. Enumeration of cave sediment microorganisms
failed since none of the sediment samples had the
minimum required colonies.
According to Cheeptham (2013), adverse conditions
such as low pH levels, limited nutrients and
other stress conditions might lead the cultivable
microorganisms to shift into their non-cultivable state
although they are still viable. As such, the sediments

Table 1. Cave sediment sampling sites in the cave and their characteristics.
Sampling Site
WC
CP
South-East tube of CP

Sample ID

Material description

Temperature (°C)

pH (n = 3)

CSMC % (n = 3)

SK-S 01
SK-S 02
SK-S 03

Humus
Silt
Organic Silt

25
25
24

3.2 ± 0.06
3.1 ± 0.00
3.3 ± 0.06

66.10 ± 1.05
21.46 ± 0.91
19.38 ± 0.39
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Table 2. Number of cave wall/ceiling isolates per each sampling location.
Sample ID

Number of initial
Bacterial Isolates

Number of initial
fungal Isolates

Total initial isolates

WC

SK-W 01

1

3

4

CP

SK-W 02

4

1

5

CP

SK-W 03

0

1

1

South East tube of CP

SK-W 04

1

7

8

6

12

18

Sample Site

Grand total

Fig 2. Isolation of cave wall microorganisms (A) Wall swab sampling of the whitish microbial colonies (sample ID SK-W 04)
and (B) their corresponding isolates on SCNA after seven days of incubation period.

from the Sthreepura Cave - Kuruwita, which are
found to contain lower pH levels, resulted in a reduced
success rate of the isolation process, although the pH
of the media was adjusted accordingly. Moreover, the
exact nutrient composition of the bat guano derived
sediments may not be provided by the given isolation
media (SCNA and AIA), especially the isolation of rare
cave sediment actinobacteria. The inability to culture
some microorganisms can also be due to the low
prevalence and/or slow growth, resistance to being
cultured as monoculture isolates and dormancy or
temporary state of low metabolic activity (Vartoukian
et al., 2010).

Even though there were twelve cave sediment derived
actinobacterial isolates, considering the unexpected
extremely slow growth, limitation of the allocated
timeline, funding and facilities, further investigations
have not been performed using the actinomycetes
isolates.
Identification of cave wall/ceiling fungal isolates
All the fungal isolates’ microscopic characteristics
were observed, and they were identified up to the
genus level. Each isolate up to species level were
later confirmed by the molecular data, as shown in
Table 3.

Table 3. BLAST results of the cave wall/ceiling fungal isolates amplified with ITS sequences.
GeneBank
accession number

Query
cover

E value

SKW 104

MW261807

100%

0

98.56%

NR_158825.1

SKW 201

MW261808

99%

0

98.79%

NR_138290.1

SKW 301

MW261809

100%

0

100%

NR_121481.1

SKW 402

MW261810

100%

0

99.46%

KU933446.1

SKW 403

MW261811

99%

0

99.60%

NR_153214.1

SKW 404

MW261812

100%

0

100%

NR_121481.1

SKW 405

MW261813

98%

0

99.82%

KY937924.1

SKW 407

MW261814

100%

0

100%

NR_134419.1

Isolate

Percentage GenBank accession number
Identity
of closest BLAST hit

Identity of the reference
Isolate (type)
Penicillium panissanguineum
CBS 140989
Penicillium simplicissimum
CBS 372.48
Aspergillus fumigatus ATCC
1022
Penicillium cremeogriseum
strain ATCC 18323
Penicillium meleagrinum var.
viridiflavum CBS
335.59
Aspergillus fumigatus ATCC
1022
Aspergillus bertholletius strain
CCT 7615
Trichoderma yunnanense CBS
121219
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Interestingly, to the best of our knowledge, this
is the first reported isolation and identification of
Penicillium panissanguineum (SKW 104), Penicillium
cremeogriseum (SKW 402), Aspergillus bertholletius
(SKW 405) and Trichoderma yunnanense (SKW 407)
in Sri Lanka. This may indicate the relatively higher
possibility of discovering novel microbial species from
Sri Lankan caves, which are yet to be explored.
Cave wall isolate SKW 404 and cave ceiling isolate
SKW 301 were shown to have the highest query
coverage (100%) and percentage identity (100%) and
both of these cultures were identified as Aspergillus
fumigatus strains. A. fumigatus is well known as an
opportunistic human pathogenic fungus associated
with the respiratory tract which causes aspergillosis
(Perfect et al., 2001). The fungi A. fumigatus has also
been reported in cave sediments and air in previous
publications (Griffiths, 1979; Nováková, 2009; Taylor
et al., 2017).
Primary screening of cave microbial isolates for
their antimicrobial activity
Among all the tested fungal isolates, only three
out of eight isolates (SKW 301, SKW 404 and SKW
407) showed antimicrobial activities at least against
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one human pathogen for each. Accordingly, the
fungal isolate from cave ceiling SKW 301 and the
cave wall isolate SKW 404 expressed antimicrobial
activities against Gram-positive S. aureus, while the
fungal isolate from cave wall SKW 407 expressed
antimicrobial activity against Gram-negative P.
aeruginosa. None of the Cave wall/ceiling fungal
isolates were able to show any antimicrobial activity
against E. coli, C. albicans and C. parapsilosis. Lack of
the original culture conditions and the exact nutrient
requirements may have led to the suppression of
any antimicrobial compound production in the used
growth media which indicates the necessity of further
investigations using different culture media and
culture conditions.
The data shown in Table 4 represent the results of
an individual primary screening step of all the cave
wall/ceiling fungal isolates giving positive results
with three replicates and the data are shown as
Mean ± SD. The diameters of ZOI were obtained to
compare the antimicrobial activities against similar
human pathogenic microorganisms and based on the
relative antimicrobial activity, only A. fumigatus isolate
SKW 404 was selected for further studies against
S. aureus.

Table 4. Repeated primary screening results of the cave wall/ceiling fungal isolates showing antimicrobial activity assayed by agar culture plug
method on MHA.
Strain No

Mean Diameter of ZOI* as given
by fungal isolates (mm) (n = 3)

Mean Diameter of ZOI* as given by Positive
control (mm) (n = 3)

S. aureus

P. aeruginosa

Chloramphenicol (30 μg/disk)

Gentamicin (10ug/disk)

SKW 301

11.22 ± 0.19

-

40 ± 0.00 (S)

- (R)

SKW 404

17.22 ± 0.38

-

40 ± 0.00 (S)

- (R)

SKW 407

-

9.67 ± 0.57

- (R)

19 ± 0.00 (S)

*ZOI includes the diameter of the standard antibiotic disks (6 mm) or agar culture plugs (6 mm) from 10 day old fungal cultures grown on
PDA at 25°C, (S): susceptible and (R): resistant according to CLSI (2015).

Interestingly, A. fumigatus is known to produce
secondary metabolites which can be harmful or
medically important. Fumagillin was first discovered
in the 1950s which was introduced as an antimicrobial
compound and is produced by A. fumigatus. Later,
it was also introduced as an angiogenesis inhibitor
for the treatments of cancer and as an agent to
inhibit the growth of malaria parasites in vitro. Other
than fumagillin, antimicrobial compounds such as
asperffumoid, helvolic acid, deoxypodophyllotoxin
and fumigaclavine have also been described in the
literature as being produced by A. fumigatus. (Liu
et al., 2004; Boudra & Morgavi, 2005; Lamrani

et al., 2008; Kusari et al, 2009; Compaoré et
al., 2016).
Secondary screening of antimicrobial compounds
The obtained results from the KB disk diffusion
assay using both SKW 404 mycelial (intracellular) and
PDB culture broth (extracellular) EtOAc crude extracts
shown to have similar antimicrobial activities against
human pathogenic S. aureus (Table 5). However, the
intracellular EtOAc crude extract had slightly higher
antimicrobial activity (22.83 ± 0.29 mm) than the
crudes obtained from extracellular material (21.17 ±
0.29 mm).

Table 5. In vitro antimicrobial activity of the SKW 404 EtOAc crude extracts.
Mean Diameter of ZOI ±SD (mm)(n = 3)
against S. aureus
400 µg/disc

40 µg/disc

Mean Diameter of ZOI ±SD (mm)
(n = 3) of Chloramphenicol (30 μg/
disk) against S. aureus

Intracellular

22.83 ± 0.29*

11.33 ± 0.29

40 ± 0.00 (S)

Extracellular

21.17 ± 0.29

10.33 ± 0.29

40 ± 0.00 (S)

Crude origin

*ZOI includes the diameter of the paper disk (6 mm), (S): susceptible and (R): resistant according to CLSI (2015).

This slight difference in antimicrobial activity
could be due to the degradation of extracellular
biomolecules (Seidel, 2006). It can occur during
both fermentation and extraction procedures

and also has been shown that removal of solvent
should be done immediately since several microbial
metabolites are unstable in solution. Furthermore,
avoidance of prolonged exposure to sunlight is
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vital to protect them from potential degradation
(Seidel, 2006).
Based on the results obtained from applying
different amounts of crude extracts, 400 μg per disk
was chosen for further tests since larger diameters
result in a lower relative error in measuring the ZOI
diameters.
Thermostability test
The thermal stability of bioactive metabolites is
a crucial property in the use of many therapeutic
applications and also for biotechnological applications
(Tanhaeian et al., 2020). Furthermore, higher
thermostability is an extra advantage for the extraction
processes since it can reduce extraction time (due to
higher vaporization rate in higher temperature without
affecting the bioactive metabolites) and considering
the cold storage facility limitations.
Both intracellular and extracellular EtOAc crude
extracts of SKW 404 demonstrated higher thermal
stability with no effect to its antimicrobial activity
even after incubating the crude extracts at 75°C for
15 minutes (Table 6).
Highly thermostable (up to 70°C) novel antifungal
peptide from Aspergillus clavatus has recorded
by Skouri-Gargouri & Gargouri (2008). However,
highly thermostable antibiotics can also contribute
to emerging antibiotic resistance since many farm
products are shown to contain a relatively high

amount of antibiotic residues and these are hardly
degraded by cooking steps (Tian et al., 2017).
TLC: Bioautography
TLC is a widely used method for isolating and
analyzing small organic compounds (natural and
synthetic) products from complex mixtures since it is
inexpensive, rapid, and easy compared to other parallel
methods. This method can also be easily combined
with other methods for the biological evaluation of
bioactive secondary metabolites (Gibbons, 2012).
The agar-overlay method is a bioautography method
known to result in well-defined ZOI while not being
sensitive to contaminations. Active compounds
separated on the TLC plates (stationary phase)
are diffused to the media seeded with the target
microorganism. This method has successfully used a
number of target microorganisms, including bacterial
and yeast pathogens (Marston, 2011; Balouiri et
al., 2016).
Both extracellular and intracellular EtOAc extracts
of SKW 404 had similar profiles. A minimum of four
spots which are corresponding to the antimicrobial
activity was observed from both intracellular and
extracellular EtOAc crude extracts. Several fractions
including, Fraction 4 (F4, Rf = 0.82) and Fraction 1
(F1, Rf = 0.47) from intracellular crude extracts shown
to have higher antimicrobial activity compared to
Fraction 2 (F2, Rf = 0.56) and Fraction 3 (F3, Rf = 0.65).

Table 6. Thermostability of the antimicrobial compound/s in the SKW 404 EtOAc crude extracts against S. aureus.
Temperature

Mean Diameter of ZOI ± SD (mm) (n = 3)
against S. aureus
Intracellular crude extract

Extracellular crude extract

Control (25 ± 2°C)

13.16 ± 0.29*

12.83 ± 0.29

55 ± 2°C

13.16 ± 0.29

12.83 ± 0.29

75 ± 2°C

13.16 ± 0.29

12.83 ± 0.29

*ZOI includes the diameter of the paper disk (6 mm). The concentration of the applied disks was 400 µg/disk.

Overall, the bioactive fractions of each crude extract of
SKW 404 (intracellular and extracellular) had similar
Rf values and showed good reproducibility.
Since the Rf is a unique value for each chemical
compound under the same mobile phase conditions,
the crude extracts with similar metabolic profiles can
be pooled together in further investigations.

CONCLUSION
To the best of our knowledge, this is the first
microbiological attempt in Sri Lanka to isolate, identify
and bioprospect of cave-dwelling microorganisms.
The current research findings suggested that the
microorganisms inhabiting the Sthreepura Cave
sediments could be acidophilic extremophiles
that can be further studied in future research on
geomicrobiology, astrobiology, and bioprospecting
of extremozymes and bioactive metabolites (Gabriel
& Northup, 2013; Wurster et al., 2015; Johnson &
Schippers, 2017; Rathinam & Sani, 2018; Merino et
al., 2019). Although the exact nutrient and mineral
availability of the Sthreepura Cave – Kuruwita
sediment samples are yet to be evaluated, the

available literature and the data obtained from this
study may provide information required for future
cave microbiological studies.
The molecular identification of the wall/ceiling
fungal isolates revealed that four out of eight isolates,
P. panissanguineu, P. cremeogriseum, A. bertholletius
and T. yunnanens as the first records of isolation and
identification in Sri Lanka. Thus, this may indicate the
potential hidden microbial biodiversity in Sri Lankan
caves, which are yet to be explored. However, detailed
taxonomic studies must be performed to identify the
cave fungal isolates accurately, which might be useful
in future cave microbiological investigations.
Out of the all tested eight cave wall/ceiling dwelling
fungal isolates, two strains of A. fumigatus (SKW
301 and SKW 404) and T. yunnanense (SKW 407)
shown to have antimicrobial activities against human
pathogenic bacteria S. aureus and P. aeruginosa,
respectively.
The both mycelial (intracellular) and PDB culture
broth (extracellular) EtOAc extracts obtained from 15
days old PDB of A. fumigatus (SKW 404 strain) had
promising antimicrobial activities against S. aureus
and a higher thermostability even at 75°C. Four
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chemical fractions corresponding to the antimicrobial
activities against S. aureus were identified in both
intracellular and extracellular EtOAc crude extracts
of A. fumigatus (SKW 404), using modified agar
overlay bioautography method. The Rf values were
0.47, 0.56, 0.65, and 0.82 [mobile system; EtOAc:
Hexane, ¼ (v/v)]. Based on the TLC results, the
antimicrobial compounds can be identified as slightly
nonpolar metabolites, although further investigations
are required for the accurate identification of the
chemical compounds.
Further in-depth investigations must be conducted
for a better understanding of the cave microbial ecology
and to obtain a higher number of isolates, since is
important to discover more bacterial species, especially
rare actinobacterial species with potential bioactive
compounds. Hence, studies on other types of caves are
also recommended as Sri Lanka known is known to
harbour a diverse climatic and geological variations.
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